Abstract Human impact is a key factor in the evolution of landscape since the mid-Holocene. In this work landscape changes in a mountainous area in central Spain are examined through the analysis of pollen at Peña Negra mire (Cáceres), since its formation during the transition period between the third and second millennium cal. B.C. The study focuses on anthropogenic dynamics linked to the effects of livestock husbandry and the use of fire for forest clearance, as the mire is located close to a natural pass across the Bejar Range. With this aim, non-pollen palynomorphs and charcoal accumulation rate are useful indicators to assess the increasing role of human influence on vegetation. Grazing activities are continuously detected from the base of the profile, with maxima in the last millennium, while the use of fire is more pronounced from 3000 to 1000 cal. B.P. The discontinuous presence through the profile of forest species like chestnut, walnut, beech, elm or yew has also been analyzed.
Introduction
The study of palaeopalynological records permits the reconstruction of historical processes and changes in the vegetation, where anthropogenic dynamics are major factors shaping landscapes. The use of fire, livestock grazing and agriculture during the late Holocene have been increasingly recognized as key players in the formation of present cultural landscapes (Carrión et al. 2001 (Carrión et al. , 2007 Carrión 2002; López Sáez et al. 2009; López-Merino et al. 2009a; Pausas and Keeley 2009; Mercuri et al. 2010; Sadori et al. 2010) . High-elevation mountains are usually remote and lacking in suitable soils and climatic conditions for the development of agricultural activities. Therefore, human traces left on the palynological records in these areas are commonly weak (Carrión 2003) . The presence of non-pollen microfossils and the concentration of microcharcoal particles have become essential tools in solving this problem (v.g: Carcaillet et al. 2001 (v.g: Carcaillet et al. , 2002 Van Geel 2002; Tinner and Hu 2003; López Sáez and López Merino 2007) . Firstly, non-pollen microfossils are suitable as indicators of grazing activities López Sáez and López Merino 2007) , human habitation (Van Geel et al. 1989 ) and of humidity in the deposit (Mighall et al. 2006; Van Geel 2006) . Secondly, changes in charcoal abundance provide valuable information for comparisons of fire regime between periods (Whitlock and Larsen 2001; Gil Romera et al. 2010) .
The Iberian Central Mountain System constitutes an appropriate scenario for a diachronic study of the changes occurring in vegetation, not only because of its long human occupation, but also because of its location in a transition area between the Eurosiberian and Mediterranean Regions (Rivas-Martínez 1963; López Leiva et al. 2009 ) and the large number of endemic plant species it contains (Peinado Lorca and Rivas-Martínez 1987) . Moreover, it is considered a refugium for forest species located at the edge of their range (Janssen and Woldringh 1981; Pulido et al. 2007; Abel Schaad et al. 2009; Sanz et al. 2011) , which adds further interest to the study of the influence of anthropogenic dynamics on the distribution of current vegetation. These features allow its consideration as a ''phylogeographic hotspot'' (Médail and Diadema 2009) .
The Bejar Range is located in the western sector of the Iberian Central Mountain System, in a transition area between the Atlantic woods of Serra da Estrela, in Portugal, and the more continental ones of Sierra de Gredos, along a west-east humidity gradient (Gavilán et al. 1998) . This feature of the mountain range has been examined in previous palaeopalynological studies (Atienza Ballano 1993; Franco Múgica 1995; Abel Schaad et al. 2009 ) and determines the climatic control of the distribution of vegetation.
Moreover, this area has been inhabited since at least the Neolithic Period, as confirmed by numerous archaeological findings (Jiménez et al. 2009 ). The long history of human settlements and movements has shaped a cultural landscape, with a wide extent of summer grasslands and shrublands, which complement the livestock resources of the plains located at both sides of the mountain range (Troitiño 1998) .
The chronology of the studied record, about 4,000 years, allows a detailed diachronic analysis of the changes in the landscape from the Chalcolithic to current times. Besides, an approach to the historical processes that occurred through this period of time will complete the interpretation of the analysis of pollen, non-pollen microfossils and microcharcoals obtained in the peat deposit of Peña Negra.
Physical setting
The mire of Peña Negra is located in the Bejar Range (408 20 0 5 00 N, 58 47 0 32 00 W) in the municipality of La Garganta (Cáceres), at 1,000 m a.s.l., next to a small pass that connects the provinces of Cáceres and Salamanca (Fig. 1) . The Bejar Range constitutes a major hercynian batholith, formed by allochthonous granites (IGME 2006) . Above them mostly humic cambisols are situated, although there are also umbric leptosols (García Navarro and López Piñeiro 2002) . The nearest weather station is in Hervás (Cáceres), located at 688 m a.s.l. The monthly average temperature is 14.4°C and annual rainfall reaches 1,137 mm.
The vegetation of the surrounding area ( Fig. 2 ) corresponds with supramediterranean oak forests of Quercus pyrenaica, that connect at lower altitudes to the south with the mesomediterranean oak forests, characterized by the presence of Arbutus unedo. At higher altitudes broom communities consisting of Cytisus oromediterraneus, Echinospartum ibericum and, to a lesser extent, Erica australis, dominate the landscape. The highest belt is widely occupied by grasslands. Riparian woodlands are mainly made up of Alnus glutinosa, Salix atrocinerea and Sorbus aucuparia.
The Bejar Range is of great floristic relevance, as it shelters a large number of Iberian Central Mountain System endemic species like Adenocarpus gredensis, Genista cinerascens, Reseda gredensis, Narcissus confusus, Antirrhinum grosii, Santolina oblongifolia or Ranunculus abnormis, (Peinado Lorca and Rivas-Martínez 1987) . Furthermore, several species here find the limit of their distribution area. Among them, the isolated presence of Fagus sylvativa (beech), Tilia platyphyllos (lime), Ulmus glabra (elm), Betula alba (birch) or Taxus baccata (yew) stands out, as well as the significant extent of Castanea sativa (sweet chestnut) woods, related to the increasing influence of human impact during the late Holocene. Forestry based on Pinus sylvestris (Scots pine) and, to a lesser extent, on Castanea sativa, and livestock husbandry are the basic resources of the local economy.
Materials and methods
Peat samples from Peña Negra mire were taken with a Russian core sampler. A core of 140 cm was obtained, from which samples for pollen analysis were taken at intervals of 2 cm, so 70 samples were used in this record. Later, the stratification of the mire sediments was recorded (Table 1 ; Aaby and Berglund 1986) in order to clarify certain important events in their formation and evolution.
In the study of the Peña Negra mire 6 samples of bulk organic sediment extracted from the core were dated at the National Accelerator Centre (CNA, CSIC, Sevilla, Spain; Table 2 ). Calibrated dates were calculated using the program CALIB v.5.0.2. (Stuiver et al. 1998) . The average dates, taking into account the maximum probability interval at 2 sigma ranges, were used to build an age-depth model (Fig. 3) by linear interpolation, which allows the calculation of the approximate sedimentation rate of the mire.
The traditional method of sample treatment for this type of sediment was used (Faegri and Iversen 1989; Moore et al. 1991) , using Thoulet solution for densimetric separation of pollen and non-pollen microfossils (Goeury and de Beaulieu 1979) . Pollen concentration was estimated by adding a Lycopodium tablet to each sample (Stockmarr 1971) . Data processing and graphic representation was performed with the help of the TILIA and TGView programs (Grimm 1992 (Grimm , 2004 . Local pollen assemblage zones were determined with a cluster analysis made by CONISS (Grimm 1987) .
Pollen grains were identified with the help of different keys, such as Faegri and Iversen (1989) , Moore et al. (1991) and Reille (1992) , and the reference collection of the Archaeobiology Laboratory of CSIC (Madrid). Pinus pollen differentiation follows Carrión et al. (2000a) and Quercus suber pollen was discriminated according to Carrión et al. (2000b) . The identification of non-pollen palynomorphs is based on Van Geel et al. (1981 , 1989 and Van Geel (2006) . Ferns, hydro-hygrophilous taxa and non-pollen microfossils have been excluded from the total pollen sum ([500 pollen grains) in the pollen diagrams (Figs. 4, 5, 6, 7) , as they are considered local or extra-local, so they tend to be overrepresented (Wright and Patten 1963) . A synthetic diagram is also included (Fig. 7) , in which some pollen and non-pollen palynomorphs are grouped according to their ecological affinity (Table 3) Microcharcoals in the same slides used for pollen (Tinner and Hu 2003; Finsinger and Tinner 2005) were counted and sorted into different size classes (MacDonald et al. 1991; Morrison 1994; Vanniere et al. 2008) , in order to reconstruct the historical evolution of fires in the area (Whitlock and Larsen 2001) . The charts are integrated in the synthetic pollen diagram (Fig. 7) , which shows the [100 and \100 lm curves, indicating local and regional fires, respectively. Both are shown in spite of their strong correlation (Tinner and Hu 2003) , as particles greater than 100 lm display a distinct trend, especially in recent times. Lycopodium spores were also used to estimate their concentration. Charcoal accumulation rate (CHAR) was calculated by dividing the concentration of microcharcoals by Fig. 4 Pollen diagram of Peña Negra-trees and shrubs the sedimentation rate of each sample obtained from the age-depth model (Long and Whitlock 2002) .
Results and discussion
The main features of pollen diagrams are shown in Table 4 .
The onset of mire formation, transition from the Chalcolithic Period to the Bronze Age (ca. 4035-3420 cal. B.P./2085-1470 B.C.), LPAZ GAR 1A
The Peña Negra mire was formed in the transition from the third to the second millennium cal. B.C. in the context of a global climate crisis of arid character, which triggered changes in the seasonality of rainfall (Weiss et al. 1993; Jalut et al. 2000; Carrión 2002; Arroyo et al. 2004; . In these early stages grasslands dominated the landscape. The forested lands would have been comprised of oaks and pines. These woods would have been composed cleared or isolated stands, as their low pollen rates and the moderate presence of pioneer taxa such as hazel, shrubs like heather (Erica spp.) or broom (Cytisus spp.) and the extent of ferns indicate. Riparian woods were also severely disrupted. However these communities served as a refuge for species such as Castanea, Juglans, Sorbus aucuparia or Prunus, Taxus, Ulmus and Ilex. High percentages of nitrophilous species point to a significant anthropogenic impact. The presence of cereal at around 2 %, although insufficient to indicate cultivation in the study area (López Sáez and López Merino 2005) , confirms the human pressure on the environment. Type 351 levels in this period are the highest in the whole profile and would suggest human settlement in the area (Van Geel et al. 1989) . Although archaeological sites have not been documented in this chronocultural framework within the study area, they have been found at neighbouring sites (Jiménez et al. 2009 ). The situation of these hamlets in highland regions, near water courses and with a wide visual command of the territory, shares the physical characteristics of the mire site (Fig. 8) .
Low levels of coprophilous fungi would indicate a summer or temporary livestock model, characteristic of the transitional Chalcolithic-Bronze Age in central and south western areas of the Iberian Peninsula (Stevenson and Harrison 1992; López Jiménez and López Sáez 2005; Fabián et al. 2006; Gil Romera et al. 2008) , rather than a continuous presence of livestock in the surroundings of the mire (López López Sáez and López Merino 2007) . The moderate presence of pyrophilous species such as Cistus and Erica, and the low but steady appearances of Chaetomium (Type 7A), a carbonicolous fungus (Van Geel 1978; Kuhry 1985) , suggest that the use of fire was a common practice in clearing forests during this period.
Previous studies in the area (Atienza Ballano 1993) show for this initial period a further extension of birch, which would have maintained a shared dominance with pine. The records studied by this author, both from El Trampal and Navamuño, located at much higher altitudes (ca. 1,400 m a.s.l.) than Peña Negra mire, could explain the differences between them. The weather conditions would have allowed the development of vegetation at higher altitudes, where birch and pine trees would have spread. Oak woods, dominant among the tree communities of Peña Negra mire, would have flourished below. The arid character of this period is supported by the presence of Pleospora (Type 3B) and Lasiosphaeria sp. (Type 63C), both indicators of dry conditions in peat environments (Van Geel 2006) . The low level of pollen concentration supports this adverse climatic situation. The increasing percentages of pioneer species such as Corylus, and the expansion of ferns, indicates continuous deforestation during this period. Among the shrub species only Erica arborea-type keeps its representation during this period. Grasslands still dominate the landscape despite the reduction in the percentages of Poaceae, as a result of the intensification of farming and human impact on the landscape itself, shown by the maxima of Aster, Cichorioideae, Urtica, Malva (Behre 1988 ) and coprophilous fungi (Van Geel 1978; Van Geel et al. 2003) .
Cereal cultivation remains around 2 %, and Secale cereale appears for the first time. This early appearance of rye in the area points to its presence as an adventitious herb inside the cereal crops (Behre 1992) or to a cooling of climate that would have favoured its presence against other cereals. The continuous curve of Type 351, a human habitation indicator (Van Geel et al. 1989 ), continues at low rates, suggesting a possible temporary occupation. Fire management as a clearance opening mechanism is indicated by the increasing concentration of microcharcoals, the presence of Asphodelus albus-type and the curve of Chaetomium (Type 7A), with a peak around the turn of the first millennium.
Several authors (López Sáez and Blanco González 2003; Van Geel et al. 2004 ) associate this period of transition from the Bronze Age to the Iron Age with an abrupt climate change event to cooler and wetter conditions. In the record of Peña Negra this event is characterized by the disappearance of dry phase indicators, such as Lasiosphaeria sp. (Type 63C, Van Geel 2006), a clear increase in the levels of Cyperaceae, and a slight rise in species associated with banks, possibly due to changes in water level caused by the increasing rainfall pattern. This hypothesis is supported by the drop in the percentages of Pinus sylvestris, a species better adapted to more continental climatic conditions. It is also verified by a marked increase in pollen concentration, perhaps as a result of these wetter conditions.
From a cultural viewpoint, there is no abrupt change in the land use pattern between human societies of the Bronze Age and Early Iron Age, in line with archaeological studies conducted in the vicinity (Alvarez Sanchís 1997; Fabián García 1999 The most significant change in the forest landscape is the replacement of the dominance of hazel by oak, as indicated This livestock intensification caused a sharp reduction of grassland areas, stressed by the shift to more arid and cooler climatic conditions (Desprat et al. 2003; Martín-Puertas et al. 2008 ) that resulted in a fall of total pollen concentration. This change agrees with the so-called 3rd century cal. A.D. crisis, from which the Roman rural settlements (villae) acquired greater prominence and a noticeable agricultural intensification occurred (Blanco González et al. 2009 ). The decline of pastures favoured the extension of scrublands, and also maxima in the presence of oak, possibly due to the establishment of herds less adapted to grazing and scrub control, such as cattle. Indicators of human habitation, such as Type 351 (Van Geel et al. 1989 ) decrease during the Iron Age, disappear in the Early Roman Period and reappear again in its final stages, marking the close relationship of a possible settlement with grazing activities.
Cereal cultivation stays more or less constant throughout this period, despite the cultural changes produced. This enhances the role of the Bejar Range as a marginal area, away from economic interests, especially during the Roman Empire, when many new enclaves were established (Fineschi et al. 2000; Mattioni et al. 2008) ascribe the current distribution of Castanea to the long period of cultivation experienced during the last thousand of years. A more recent work (Fernández-López and Monteagudo 2010) suggests that Iberian populations show a pattern more related to natural selection, with adaptive differences among them. Indeed, Hervas Castanea forest, located not far from the mire, is proposed by these authors as representative of Mediterranean populations. Finally, Martín et al. (2012) propose the influence of both historical climate changes and human activity to explain the pattern of genetic structure of this species in Spain. Castanea cultivation continued to increase, especially during the Middle Ages and Early Modern Period, becoming one of the main resources of the Central Mountain System region.
Similarly, Juglans regia (walnut), an autochthonous species (Carrión and Sánchez 1992; Postigo et al. 2008) , expanded during Roman and Medieval times (López Merino et al. 2009b ), although to a lesser extent than chestnut. In the record from Peña Negra its presence is detected from the base of the sequence until 2800 cal. B.P., reinforcing its indigenous nature and the possible presence of glacial refugia in the area. Later, after being missing from the diagram during the Iron Age and Roman Period, it reappears to occur almost continuously from the Visigothic Period to the present, showing a pattern more related to its cultivation. This latter would agree with its diffusion through Western Europe during the last 3,000 years of human domination (Fornari et al. 1999) , which results in its present distribution (Malvolti et al. 2006; Pollegioni et al. 2011) .
Regarding climatic conditions, the absence of dry phase indicators can be seen in the diagram from the beginning of this stage, coinciding with the period of highest rainfall detected in the south of the Iberian Peninsula (Martín-Puertas et al. 2008) . The return of dry periods, even though with very low pollen values, occurs with the change of era, ending this period with a new disappearance, agreeing with the last wet period. As to temperatures, the Subatlantic First Cold Period (Desprat et al. 2003) gives way to the Roman Warm Episode (2200-1500 cal. B.P.). Pollen concentration reaches high values during this period, under favourable climatic conditions, except during Late Roman Period, as described above. Peaks indicate a wide extension of grasslands and a decline of forested areas, while the minimum value in this zone indicates a rise of heaths and oak woods. This could be also related to a better access of pollen to the mire when the landscape was opened. The appearance of Fagus, following an intense process of deforestation, supports the hypothesis that its late Holocene expansion is based on the role of fire and human impact (e.g. Van der Knaap et al. 2004; López-Merino et al. 2008; Pelachs et al. 2009 ). This would allow it to compete with advantage over other tree species more sensitive to disturbances. The clearings would have been occupied primarily by heliophilous taxa such as Corylus or Pteridium, and would have been later replaced by shadetolerant species, such as Fagus (Valsecchi et al. 2008) . Fagus would probably have been present in earlier times in this area, but the low pollen productivity (Andersen 1970) and small range of dispersion of the species (Moore et al. 1991) , would have hindered its appearance in the pollen diagram until the deforestation of Corylus woods had made the mire accessible to its pollen.
With regard to Ulmus, its almost continuous presence from the Visigothic Period is striking after specific occurrences from the Chalcolithic period. The latter might be attributable to Ulmus glabra, a species that would have remained in glacial refugia in this region though it also could be related with U. minor, which grows at lower altitudes. The greater continuity in the sequence after the Roman Period, may correspond to its growth or expansion as a species of interest for livestock and to the development of viticulture López de Heredia et al. 2005) , as the synchronous occurrence of Vitis pollen seems to confirm. In this case, the species used would have been a variety of Ulmus minor .
Pastures were at their maximum extent during this period. These pastures would be impoverished, with the absolute dominance of Poaceae. Nitrophilous species also increase their representation, while Cyperaceae, an indicator of wet grasslands, is reduced. This could be explained by the ploughing of the wetter areas for the cultivation of rye, which begins a continuous curve, and possibly for Fabaceae and Brassicaceae (López García 1997) . The increase in species belonging to these two families could as well be due to the development of new techniques for pasture management by the Visigoths (Blanco González et al. 2009 ).
Cereal cultivation experienced a gradual decline. In the early stages of the Islamic Period the consolidation of olive cultivation stands out in areas distant from the mire, as does the onset of the Quercus suber curve in the uppermost sample of the zone, possibly favoured by the use of cork for tanning and as a raw material for the construction of hives (Ezquerra Boticario and Gil Sánchez 2008) . It is also likely that this slight extension can be explained by the high incidence of fire in this period.
The greatest intensification occurs in livestock grazing, as is indicated by the increase in the levels of coprophilous fungi. However the presence of nitrophilous herbaceous communities associated with cattle is reduced, which points to a transterminant type of farming, whilst not ruling out the possible maintenance of small settlements in the area.
The presence of these human settlements, marked by the presence of Type 351 (Van Geel et al. 1989) , increases in the Early Visigothic Period and declines during the 6th century A.D. This seems to agree with the land use pattern of the first Visigothic settlers (Blanco González et al. 2009 ), characterized by the clearance of forests and the extension of pastures, the cultivation of new and less agrologically suitable lands and diversified and integrated agricultural and livestock practices.
The climatic conditions at the beginning of this period suffered a pronounced shift towards greater aridity (Martín-Puertas et al. 2008 ) and lower temperatures that marked the beginning of the Early Medieval Cold Period (Desprat et al. 2003) . These drier conditions are shown in the diagram by the presence of Lasiosphaeria sp. (Type 63C) and Pleospora (Type 3B) (Van Geel 2006) and the continuous decline of Cyperaceae. Pollen concentration levels dip twice to a sharp minimum after a maximum in CHAR. Later, high deforestation rates allow again the pollen access to the mire, so pollen concentration reaches new maxima.
The Early Islamic Period does not imply a major change in the land use model, since the Berber people who began the Islamic expansion in the region kept an economy based on goats and small subsistence crops (García Oliva 2007) . It is also possible that the area of the mire remained in the hands of the same settlers, in light of the limited changes observed in the pollen diagram.
From the Islamic Period to the dominion of the Christian Kingdoms: the border and the impact of transhumance (ca. 1115-430 cal. B.P./A.D.
835-1520), LPAZ GAR 2B1
Clear livestock intensification occurred, regardless of the changing scene of domination by the Muslim occupation and later by the advance and consolidation of the Christian Kingdoms. This enhancement affects the composition of the pasture, with a greater preponderance of wet sedge grasses, anthropozoogenic perennial grasslands and pastoral nitrophilous taxa, while the presence of Poaceae and overgrazing indicators decrease. It also shows its influence on the shrub taxa, with a greater presence of broom (Cytisus) rather than heather (Erica arborea).
The sharp increase in the levels of coprophilous fungi supports this idea. In addition, there are two new events that point towards a change in the management of pasture lands. Firstly there is a sharp increase in the presence of Glomus (Type 207), an indicator of erosive events (Van Geel et al. 1989) . Secondly the curve of Type 18, an indicator of wet phases (Mighall et al. 2006) , becomes continuous. Both circumstances, coupled with the significant enrichment in palatable species detected in the composition of the herbaceous taxa, would indicate that the pasture was irrigated. It must be taken in account that the final years of the Early Medieval Cold Period (ca. 1500-1000 cal. B.P.) are characterized by sharp shifts in climatic conditions, with severe droughts, reported especially at the end of the 9th century (García Oliva 2007) . New irrigation techniques were also introduced during the Islamic Period by the Berber people who would have lived at this time in this area (Franco Moreno 2004) . Anyhow the continuous curve shown by Type 18 cannot only be explained by increasing rainfall, as it does not appear during the wettest period in the area, the Ibero-Roman Humid Period (Martín-Puertas et al. 2008 ) described above.
These pastures came from ''cervunales'', communities dominated by mat-grass (Nardus stricta), enriched with Veget Hist Archaeobot (2013) 22:199-214 209 species of livestock interest through usage (Sardinero 2004) . The original mat-grass pastures would have been turned into ''vallicares'' by the continuous action of cattle, with a wide dominance of grasses. The increase in stocking density, especially of sheep and goats, would lead to their conversion to ''majadales'', characterized by the significant presence of anthropozoogenic taxa (Escudero and Sánchez-Mata 1996) . The nearby water courses would have been employed to broaden their use throughout the summer by irrigation. This transformation would have begun in the Islamic Period, in the transition to the new millennium, when maxima in erosion indicators are recorded. It was a time with dry phases, indicated by Pleospora (Type 3B) and Lasiosphaeria sp (Type 63C, Van Geel 2006) , which match well with the drought periods reported above and would drive the need for irrigation to maintain intensive livestock production. The sediment characteristics (Table 1) indicate erosion events until the 12th century A.D., the date from which peat begins to occur, thanks to more stable conditions in the system, possibly related to the water supply to the surrounding grassland and the onset of the Medieval Warm Episode, with milder temperatures than in the previous period (Desprat et al. 2003) and increasing rainfall (Martín-Puertas et al. 2008) . Some authors (Wood and Wilmshurst 2012) relate the presence of coprophilous fungi, specifically Sporormiella, to changes in local hydrology, but this correlation cannot be detected in this record (Fig. 6) . Hence the rise of coprophilous fungi shown in the diagram points to the aforementioned livestock intensification, which could also be linked to the fall of pollen concentration levels.
The pollen concentration plot (Fig. 7) shows less variation during this period. Peaks are related to rises in grassland, except for the last, which could indicate wetter climatic conditions at the end of the Medieval Warm Episode. Low levels of microcharcoal concentration shows a greater interest in the management of grasslands than in the opening of new clearings. Among crops, olive and chestnut groves continue spreading, while cereals and rye would have been cultivated in areas distant from the mire.
Furthermore, the thesis of those who describe cultural continuity as certain in the border area between Muslim and Christian Kingdoms is confirmed (Monsalvo Antón 2003; Franco Moreno 2004; García Oliva 2007) , despite the continuous changes in the control of the territory over more than two centuries. This continuity would have been based on the maintenance of livestock, with a transterminant character, with relatively long-distance movements, as reported between Salamanca and Coria, or between Béjar and Plasencia (De la Montaña Conchiña and Clemente Ramos 1994) .
From the beginning of the Early Modern Period to the present: increasing livestock density, spread of scrubland and final forest recovery (ca. 430 cal. B.P.-present/A.D. 1520-2010) , LPAZ GAR 2B2
The Early Modern Period was a time of agricultural expansion (Ezquerra Boticario and Gil Sánchez 2008) . There was a clear increase in the area covered by Castanea trees and, to a lesser extent, by cereal crops. Olive cultivation was also increasing, but would experience its height in the late 18th century. Moreover, there is a sharp initial increase in grazing activities, as indicated by the high levels of coprophilous fungi and the retreat of grasslands, where the growing presence of nitrophilous taxa and erosion indicators reveal incipient signs of overgrazing. The parallel process of broom and heath extension observed, as well as the continuous progress of oaks, tells of a lack of shrub control by livestock. It could be inferred that cattle would have been predominant in the area (Terés Landeta et al. 1995) .
The high livestock density continues throughout the Early Modern Period, as shown by the increasing levels of Rumex spp., Plantago spp. and coprophilous fungal spores, as well as by the recurrent use of fire and the subsequent extent of scrubland dynamics. The representation of grasses diminishes, but anthropozoogenic and wet grasslands maintain their levels. This depletion of grasslands, which include high percentages of Fabaceae, Rosaceae and Scrophulariaceae, with decreasing levels of nitrophilous species, despite the intense stocking density and the use of fire, points to the management of these areas, probably to their conversion to hay meadows (Sardinero 2004 ). These allow a more intensive and better complementarity in resource use, especially considering predominant livestock species in the area, mainly cattle, which would come to take advantage of leftover grass after mowing (Escudero and Sánchez-Mata 1996) .
The climatic conditions in the Early Modern Period correspond to the onset of the Little Ice Age (Manrique and Fernández-Cancio 2000; Desprat et al. 2003; Martín-Puertas et al. 2008 ), a period with large oscillations, which would extend to the mid-19th century. From this date onwards the average temperature has gradually been increasing up to the present, while rainfall has been decreasing (Desprat et al. 2003; López Sáez et al. 2009 ). Pollen concentration levels decrease continuously probably related to the increasing human pressure.
A high incidence of dry phase indicators (Van Geel 2006) is detected during the Early Modern Period, while Type 18 (Mighall et al. 2006) , appears with moderate values only in the uppermost samples. These dynamics do not appear in other diagrams of nearby records (Abel Schaad et al. 2009; López Sáez et al. 2009 ) or correspond to the established models of climate evolution (Desprat et al. 2003; Martín-Puertas et al. 2008 ), so they can be attributed to questions related to livestock and pasture management. Meadows would have been irrigated during periods of cattle presence in the area, that is, in summer. In late September cattle would return to wintering areas, and irrigation would also cease. Therefore, the area, pending winter rains, could have suffered severe droughts.
It should be stressed the last occurrence of Taxus is at the end of the Early Modern Period, after their sparse detection from the base of the sequence. The yew appears in almost all pollen records from the western sector of the Central Mountain System from 8000 cal. B.P. onwards (Janssen and Woldringh 1981; Atienza Ballano 1993; Van der Knaap and Van Leeuwen 1995; Abel Schaad et al. 2009 ). This would be related to the presence of glacial refugia for this species in the area. From 4500 cal. B.P. yew suffers a steady decline probably linked to the increasing intensity of human action.
The Late Modern Period brought major political changes that would be reflected on the plant landscape. First came the Confiscation Laws, which led to indiscriminate felling of oak forests in order to defray the cost of the purchase of farms (Cruz Reyes 1983; Llorente Pinto 1992) , activity which can be confirmed in the pollen diagram in the mid-19th century. This deforestation of oaks allowed the development of small stands of beech that have left their mark on the diagram. More intense human impact and increasing temperatures would have led these populations to their current extinction.
As for tree crops, chestnut and, above all, olive groves reach their maximum extent in the early 20th century. Cereals keep their levels with rates around 2%, until the uppermost sample, where they completely disappear. Secale cultivation is detected for the last time in the 17th century. Later, the implementation of several afforestation programmes favoured the extension of Pinus sylvestris in the landscape of these mountains at the expense of heather and possibly oak woodlands and grasslands. This wide extension of tree crops and pine forests would have caused the growth in pollen concentration levels.
But the main use in the vicinity of the Peña Negra bog has been and continues to be livestock husbandry, the basis of the local economic system, with increasing numbers of herds organized through the large network of cattle tracks, including the Cordel del Berrocal. In this way the extensive ''dehesas'' of Plasencia (Cáceres) communicate with the summer pasturelands of Sierra de Candelario (Salamanca), through the study area (Fig. 1) . Thus, despite the decline of the Mesta at the beginning of the Late Modern Period, the summering areas of the Bejar and Candelario Ranges maintain and even increase their stocking rates (Terés Landeta et al. 1995) . This activity continues nowadays, although in the last decade it has been reduced significantly.
Conclusions
The Peña Negra mire was formed during the transition from the third to the second millennium cal. B.C., in a landscape dominated by grasslands, with scattered oak and Pinus sylvestris forests, and a significant influence from farming activities, favoured by the use of fire under arid and temperate climatic conditions. During the Bronze Age the livestock-oriented deforestation continued. The transition to the Iron Age did not occur abruptly, but there was a clear continuity in land use patterns. From the beginning of the Iron Age until the onset of the Roman Period there was some livestock intensification. Then, agriculture predominated favoured by more humid climatic conditions. Livestock farming recovered again in the Late Roman Period. Later, in the Visigothic Period, the highest deforestation throughout the record occurred through an increasing fire intensity, which favoured the extension of pasturelands for livestock intensification, and allowed the ploughing of land for the cultivation of rye under colder and more arid climatic conditions. Between the Islamic Period and the dominion of the Christian kingdoms the local economic base, that is, livestock farming, was consolidated by grassland management for summer use in the Islamic Period, with transhumance reaching its height in Christian times. Finally, during the Early and Late Modern Period livestock farming was even more enhanced, as tree crops spread and the recurrent use of fire increased, causing an intense deforestation and the expansion of scrubland, eventually stopped by afforestation with Pinus sylvestris in the middle of the 20th century.
The pollen record shows the discontinuous presence of arboreal species, such as Castanea or Juglans in preRoman times, Fagus coinciding with phases of deforestation, Ulmus glabra until the Visigothic Period and Taxus until the Early Modern Period. The decline of Fagus, Ulmus and Taxus, with currently fragmented or extinct populations in the area, has been caused, first of all, by the variable climatic conditions, specifically by increasing temperatures. The growing influence of anthropogenic dynamics has extended monospecific tree crops and grasslands for livestock husbandry, further hindering the development of these species. 
